Membrane vesicles were prepared by osmotic lysis of spheroplasts from M13-infected Escherichia coli. Reduced nicotinamide adenine dinucleotide (NADH) oxidase (reduced NAD: oxidoreductase, EC 1.6.99.3) and Mg2+-Ca2+-activated adenosine triphosphatase (ATP phosphohydrolase, EC 3.6.1.3), which are normally localized to the inner surface of the cytoplasmic membrane, were 50% accessible to their polar substrates in these vesicles. The major coat protein of coliphage M13 is also bound to the cytoplasmic membrane (prior to phage assembly) but with its antigenic sites exposed to the exterior of the cell. Antibody to M13 coat protein was used to fractionate membrane vesicles. Neither agglutinated nor unagglutinated vesicles had altered NADH oxidase and adenosine triphosphatase specific activities. This is inconsistent with such vesicles being a mixture of correctly oriented and completely inverted membrane sacs and suggests that NADH oxidase, adenosine triphosphatase, M13 coat protein, or all three proteins rearrange during vesicle preparation.
Membrane vesicles were prepared by osmotic lysis of spheroplasts from M13-infected Escherichia coli. Reduced nicotinamide adenine dinucleotide (NADH) oxidase (reduced NAD: oxidoreductase, EC 1.6.99.3) and Mg2+-Ca2+-activated adenosine triphosphatase (ATP phosphohydrolase, EC 3.6.1.3), which are normally localized to the inner surface of the cytoplasmic membrane, were 50% accessible to their polar substrates in these vesicles. The major coat protein of coliphage M13 is also bound to the cytoplasmic membrane (prior to phage assembly) but with its antigenic sites exposed to the exterior of the cell. Antibody to M13 coat protein was used to fractionate membrane vesicles. Neither agglutinated nor unagglutinated vesicles had altered NADH oxidase and adenosine triphosphatase specific activities. This is inconsistent with such vesicles being a mixture of correctly oriented and completely inverted membrane sacs and suggests that NADH oxidase, adenosine triphosphatase, M13 coat protein, or all three proteins rearrange during vesicle preparation.
Many studies of the components and energetics of active transport in Escherichia coli have used membrane vesicles prepared by osmotic lysis, as described by Kaback and co-workers (5, 11) . Despite the large body of evidence that such vesicles accurately reflect cellular physiology (6) and have the same gross orientation as the membrane of intact cells (1) , recent studies (3, 13, 15) have raised questions as to the detailed structure of these vesicles. It was found that several membrane-bound dehydrogenases which are inaccessible to their polar substrates in intact cells or spheroplasts are partially accessible to these substrates in membrane vesicles. This was interpreted as reflecting either an inversion of a significant fraction of the vesicles or a rearrangement of some of these enzymes within each vesicle (mosaicism).
Hare et al. (4) have suggested an approach to this problem which relies on antibody to purified membrane proteins to fractionate vesicles according to the exposure of such proteins on the outer vesicle surface. The major coat protein of coliphage M13, an abundant protein in the cytoplasmic membrane of infected cells (12, 14) , offers several advantages for such a vesicle fractionation study. Since 1,800 copies of this 5,260-dalton peptide comprise 98% of the virion protein (8) , it can be readily purified for antibody preparation. Preparations of antibody ' 
RESULTS
Vesicles from M13-infected cells. Membrane vesicles were prepared from M13-infected E. coli essentially as described by Kaback and co-workers (5, 11) . NADH oxidase and Ca2+-Mg2+-dependent ATPase, which are marker enzymes for the inner surface of the cytoplasmic membrane (3), were partially accessible to their polar substrates in these vesicles (Table 1) . Sonic oscillation or destruction of the permeability barrier with toluene resulted in an approximately twofold increase in these activities. Similar studies with vesicles from uninfected cells (3) have been interpreted as showing a rearrangement of these enzymes in some or all of the vesicles.
Assay of coat protein in vesicles. 125I-labeled antibody to M13 coat protein will bind to vesicles from infected cells (Fig. 1A) at approximately the same levels that it binds to infected cell spheroplasts (16) . The antibody will not bind to membrane vesicles from uninfected cells (Fig. 1A) . The binding of labeled antibody is diluted by unlabeled antibody to coat protein but not by gamma globulin from nonimmunized rabbits (Fig. 1B) . This binding assay is, therefore, specific for both the presence of coat protein antigen in the vesicles and for the binding of antibody to this antigen. tinating factors are heat labile and are not removed by dialysis. The gamma-globulin fraction of antiserum against purified ATPase was no more effective than control gamma globulin in agglutinating vesicles. The gamma-globulin fraction, but not the affinity-purified antibody fraction (16) , of antiserum to M13 coat protein also agglutinated vesicles from infected or uninfected cells in the same proportions as did control gamma globulin. This problem of nonspecific agglutination was avoided by using low gamma-globulin levels, by affinity purifying antibody fractions, and, in the case ofgoat antibody to rabbit gamma globulin, by removing nonspecific agglutinating factors by adsorption to membrane vesicles.
Membrane vesicles from M13-infected cells were incubated with antibody to the M13 coat protein, freed of unbound antibody by sedimentation, and then mixed with goat antibody to rabbit gamma globulin (Fig. 4A) . Agglutination depended on cross-linking of the antibody- coated vesicles with goat anti-rabbit gamma globulin. Vesicles were not agglutinated if antibody to coat protein was replaced by gamma globulin from nonimmunized rabbits, if rabbit antibody was omitted, or if vesicles were from uninfected cells. This agglutination was, therefore, specific for both the presence of antigen on a vesicle and for the specific antibody to that antigen. Eighty percent of the vesicles could be specifically agglutinated at optimal levels of goat antibody (unpublished observations).
The specific activities of Ca2+-Mg2+-dependent ATPase (Fig. 4B) whereas inverted vesicles prepared with a French press will accumulate calcium (9) . These results support the notion that vesicles prepared by osmotic lysis are functionally correctly oriented. Freeze-etch electron micrographs (1) indicate that vesicles are grossly oriented correctly but cannot answer the question of whether proteins comprising a low percentage of the membrane mass are rearranged. Such rearrangements may critically affect studies of the molecular basis of active transport.
The problem of enzyme rearrangement during vesicle formation was brought into focus by the studies of Futai (3) and Weiner (15) . They found that several dehydrogenases and the membrane-bound ATPase, which are inaccessible in spheroplasts, are accessible to their polar substrates in vesicles under conditions where these substrates do not enter the vesicles. These findings have since been confirmed in other laboratories (4, 11) , raising the question of whether a fraction of the vesicles was totally inverted or whether, as suggested by the morphological and physical studies cited above, most of the vesicles are mosaics with respect to the orientation of certain enzymes.
To answer this question, vesicles were fractionated by means ofantibody to a known membrane outer surface marker, the antigenic sites of the M13 coat protein (16) . If ATPase and NADH oxidase were only accessible in inverted vesicles, then agglutinated vesicles should not have shown these activities. This was not the case, and thus either the M13 coat protein, the ATPase, and NADH oxidase or all three had lost their asymmetric orientation during the preparation of these vesicles.
These results differ significantly from those of Hare et al. (4) , who suggested that vesicles could be fractionated into inverted and correctly oriented populations with anti-ATPase gamma globulin alone. Their agglutination may have been due to nonspecific factors present in all gamma-globulin preparations. Levels of gamma globulin from nonimmunized rabbits comparable to those used by Hare et al. (4) will agglutinate vesicles from uninfected cells (Fig.  2) . This agglutination did not separate vesicles on the basis of membrane orientation. Affinitypurified rabbit antibody is itself quite poor at agglutinating vesicles (Fig. 4) ; goat antibody to rabbit gamma globulin was a necessary crosslinking agent.
The extent of mosaicism in these vesicles could be decided by studies using antibodies to a large variety of proteins for fractionation. Meaningful use of these vesicles in dissection of the enzymatic basis of active transport will clearly require such studies for each of the relevant components as well as an understanding of the factors governing membrane protein orientation.
